Free lancer, Yakarta, Indonesia An analysis of the monetary synchronization of the Union of South American Nations (UNASUR) for the decade 2004 through 2013 has been conducted using the optimum currency area (OCA) theories in order to evaluate the economic integration. By applying Bayoumi and Eichengreen's equation, it was found that with a decent adjustment, a high percentage of countries show a tendency to harmonize their currencies in function of the four independent variables: output disturbances, the dissimilarity in exports composition, the trade linkages, and the size of the economies. To extend the model, mobility of labor and level of the integration in good's market were added by modifying Behrens' proposal, founding that the six variables are indeed related to the exchange rate harmonization at different significant levels, with a considerable moderate fitting. Additionally an analysis of variance (ANOVA) has been considered in order to study the following economic indicators: gross domestic product (GDP), population, GDP per capita, exports to group vs. total exports, unemployment, and inflation rates so as to visualize the economic asymmetries of the Union, for the same period. Differences were inferred for all of them but not for their annual speed of change. The least significant differences (LSD) provide further results and Duncan's multiple range tests lead to defining groups of countries with similar characteristics.
To evaluate the degree of economic integration among "neighborhood countries" in terms of the monetary synchronization, some models have been developed based on the theory proposed by Mundell (1961) according to which the OCA is effectively a region. Bayoumi and Eichengreen (1997) evaluated the readiness of adopting a single currency in the European Community by developing an equation where the bilateral proximity was the function of four variables: real output differences, dissimilitude in merchandise trade, fraction of exports in gross domestic product (GDP), and size of the economies. Ramírez (2011) considered this model to evaluate the Latin American integration processes reinforcing the results with deep statistical analysis. Behrens (2015) applied the same equation to determine the prerequisites for creating a monetary union in UNASUR and even added two more variables to complement the model perception: the convergence of unemployment rates and the integration in goods and labor market.
The OCA models have been extensively used as tools to measure the economic integration in other areas of the world. Lee and Azali (2012) , Thiumsak (2014) , and Alvarado (2014a; 2014b) among others used these gravity models to study ASEAN for example and reported several references to other authors whose results in some cases are supplemented with other methods like ordinary least square (OLS), Granger causality, or least significant differences (LSD) .
Beyond the endogenous characteristics of the OCA models, economic harmonization and differences among the countries have been evaluated through multiple regression models with or without the combination of other techniques. In the specific case of UNASUR for instance, Bonilla (2014) exanimated the external vulnerabilities and economic integration of seven of its 10 members performing the Bayesian SVAR model, the correlation analysis of convergence, and the error variance decomposition.
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The present research aims to evaluate the integration level of UNASUR, for the period from 2004 to 2013, through the equation proposed by Bayoumi and Eichengreen (1997) and to go further adding the two variables considered by Behrens (2015) with modifications. Additionally, to supplement these bilateral models and to a certain point infer the asymmetries by defining groups of statistically similar countries, the analysis of variance (ANOVA), LSD, and Duncan's multiple range tests (1995) are performed for six indicators.
The results could be useful as far as they may somehow, reflect the situation among the 12 countries that are members of the UNASUR. However, these results do not reach the field of other topics; neither the adoption of a single currency whose sensibility and/or inconvenience was advised by many authors like Bayoumi and Mauro (1999) , Alesina and Barro (2002) , and recently by Edwards (2011) ; nor perceiving further differences among the nations beyond the statistically ones at certain level of probability.
Research Methods

OCA Models
The model proposed by Bayoumi and Eichengreen (1997) for the European Community is represented in equation (1) and the coefficients obtained are included in Table 1 .
where SD(e ij ) is the standard deviation of the change in the logarithm of the end-year bilateral exchange rate between countries i and j; SD(∆ i -∆ j ) is the standard deviation of the difference in the logarithm of real output between i and j and aims to measure the output disturbances' effect; DISSIM ij is the sum of the absolute differences in the shares of agricultural, mineral and manufacturing trade in total merchandize trade of countries i and j and reflects the external shock influence according to the exports composition; TRADE ij is the mean of the ratio of bilateral exports to domestic GDP for the two countries and it is used to measure intraregional trade linkages; and SIZE ij is the mean of the logarithm of the two GDPs measured in US dollars and shows the influence of the country size. As can be observed by the results reported in Table 1 , Behrens (2015) studying the UNASUR, applied equation (1) and also added two more variables resulting in equation (2) 
where the variables are the same of the equation (1) except UNEMP ij calculated as the mean of the logarithm of the absolute value of the differences between the unemployment rates between countries i and j and is included as the measure of the integration and flexibility of the countries' labor markets; and PRICE ij calculated as the mean of the logarithm of the absolute value of the differences between the inflation rates of consumer prices between countries i and j and it is a measure of the integration in goods' market. In the present paper, UNEMP ij and PRICE ij values correspond to the standard deviation for the period, of the logarithm of the absolute bilateral differences between countries i and j; introducing in this way the measurement of the bilateral variation of these rates through the time, modifying in this way Behrens' proposal (2015) for the labor and goods' markets.
Data sources and calculations are as follows:  The quarterly exchange rates, for each country in SDR (special drawing rights), reported at the World Favorite Currency Site (Retrieved from http://www.xe.com/currencytables/?from=ARS&date=2012-02-25) MONETARY SYNCHRONIZATION AND ECONOMIC ASYMMETRIES 69 were used to determine the annual average, then the bilateral rate expressed in logarithms, and its change; and, finally the standard deviation value of the period SD(e ij );
 GDP values retrieved from the World Bank (Retrieved from http://data.worldbank.org/indicator/SP. POP.TOTL) were used to calculate the real output of the countries expressed in logarithms, afterwards the bilateral differences were determined and the standard deviation of the period SD(∆ i -∆ j );
 The shares of agricultural, mineral, and manufacturing trade in total merchandize trade calculated by the World Trade Organization (WTO, Retrieved from https://www.wto.org/english/res_e/statis_e/statis_bis_e.htm? solution=WTO&path=/Dashboards/MAPS&file=Map.wcdf&bookmarkState={%22impl%22:%22client%22,% 22params%22:{%22langParam%22:%22en%22}}) were used to stablish the absolute bilateral differences as a sum for all the period;  The bilateral exports values are reported by the Observatory of Economic Complexity (Retrieved from http://atlas.media.mit.edu/en/visualize/tree_map/hs92/export/bra/show/all/2013/) with these and the GDP figures by the World Bank (Retrieved from http://data.worldbank.org/indicator/SP.POP.TOTL); TRADE ij was calculated as the period mean of the fraction of total bilateral exports over the total GDP; and only the values 2013 were obtained from COMTRADE web site (Retrieved from http://comtrade.un.org/data/);  For determining SIZE ij data, the GDP values were expressed in logarithms, to calculate the bilateral average of the period;
 UNEMP ij corresponds to the period's mean of the bilateral absolute differences of the unemployment rates that were retrieved from the World Bank web site (Retrieved from http://data.worldbank.org/indicator/SP. POP.TOTL). For the present calculation, the absolute values of the bilateral differences are expressed in logarithms, and then the standard deviation of the period is measured;
 PRICE ij is the period's mean of the bilateral absolute differences of the inflation rate for consumer price. Data were retrieved from the World Bank (Retrieved from http://data.worldbank.org/indicator/SP.POP.TOTL), the Argentinean Institute of Statistics (INDEC, Retrieved from http://www.indec.gov.ar/ftp/nuevaweb/ cuadros/10/sh_ipc_2008.xls), Triami Media BV (Retrieved from http://www.inflation.eu/inflation-rates/chile/ historic-inflation/cpi-inflation-chile.aspx), and the world fact book of CIA. For this study, the absolute bilateral differences are expressed in logarithms then the standard deviation of the period is determined.
Multiple Comparison Tests
Although simple, these methods are extensively used in agriculture and industrial processes when defining groups of statistically similar characteristics. For the present research, they have been chosen with the purpose of visualising the distribution of the countries in the group and in certain way the asymmetries that could be observed for certain economic indicators.
When applying the ANOVA test with a positive result, meaning that at least one of the groups differs from the others, Saltos (1993) referred to Fisher (1956) , who has developed the LSD formula simpliflied in equation (3) to calculate the smallest significant between two means that enable direct comparisons between them based on the statistic value of t.
where, LSD or least significant value is a function of t which is a statistical value at level 0.05 for this study; MSE is mean square error from the ANOVA test; and n is the number of scores used to calculate the means.
According to this method, the first step is to apply the ANOVA for the period to economic indicators of the 12 countries in this case: GDP, population, GDP per capita, exports to UNASUR vs. total exports, unemployment, and inflation rates related to consumer price. If the ANOVA test proves that there is a significant difference, then a bilateral comparison of the average of each country is made with the LSD equation to find the similar and different pairs.
Refining the procedure even more, because the LSD considers only one difference for comparing all the contrasts among the bilateral comparisons, Duncan's multiple range test (1995) is performed, because it considers several critical differences and lets stablish sets of similar countries according to each economic indicator based on equation (4) (Saltos, 1993) :
where 
Results
OCA
The coefficients and statistic indicators for OCA models with respect to equation (1), equation (2), and modified equation (2) are reported in Table 1 .
The OCA coefficients calculated for UNASUR countries, for the period from 2004 to 2013, are reported in Table 2 . According to Bayoumi and Eichengreen (1997) , the pairs that have an OCA value lower than the standard error of the regression are ready to form a monetary union and are reported in bold characters; the ones that have an OCA value lower than two and a half times the standard error of the regression are converging and are presented in italics; and the rest in regular characters.
Multiple Comparison Tests
According to ANOVA, there are significant differences among the members of the UNASUR when analyzing all the considered variables for the period from 2004 to 2013. But by applying the same technique to the annual speed of change of the indicators, no differences were found; therefore no further calculations were made regarding their annual variations.
The differences and similarities found between the countries according to LSD test are reported in Table 3 . The groups of countries that could be defined by performing the Duncan's ranges test (1995) are reported in Table 4 , where the members of UNASUR are ordered from the smallest average value to the biggest one of the period, for each indicator. Notes. Symbols: A-Argentina, O-Bolivia, B-Brazil, H-Chile, C-Colombia, G-Guyana, E-Ecuador, Y-Paraguay, P-Peru, S-Surinam, U-Uruguay, and V-Venezuela. 
Notes. Symbols: A-Argentina, O-Bolivia, B-Brazil, H-Chile, C-Colombia, G-Guyana, E-Ecuador, Y-Paraguay, P-Peru, S-Surinam, U-Uruguay, and V-Venezuela; similar is "≈"; and different is "≠". It is remarkable that according to ANOVA results, the annual rate of change of all the considered indicators, for all the 12 countries, shows no significant differences at F 0.05 .
Discussion Currency Harmonization
Analyzing and comparing the data reported in Table 1 , it is interesting to observe that in respect of the number of samples, only Behrens (2015) duplicated the amount of bilateral comparisons and reported different magnitude vales. For all the considered authors, the application of the OCA models is statistically significant and the adjustment of data varies with an R 2 that reaches half of the population except for Behrens ' (2015) . Standard error also is similar in all cases. The "α" values have negative signs and up to a certain point similar magnitude. The expected positive sign for "β 1 " coefficient does not occur for UNASUR either reported by Behrens (2015) or as reported in the present study but with better significant levels. The negative sign of "β 1 " means that when the nation outputs move together less contribute to the currency harmonization, and in such scenario, it could be interesting to consider other papers. For instance, Calderón, Chong, and Stein (2002) , going beyond the endogenous criteria of OCA, found that developing countries indeed have different patterns that lead to cyclical asymmetries in the period from 1960 to 1999. In fact, when Alvarado (2014b) used equation (1) to evaluate the ASEAN and ASEAN+3 integration, for the period from 2003 to 2012, the sign for "β 1 " was positive like found for the European Community. Moreover, recently Bonilla (2014) , studying UNASUR proved that seven of its members are considerably influenced by external disturbances with a high level of common reaction and a considerable synchronization where the domestic economies are more vulnerable to external disturbances than to the monetary and the financial ones.
For this paper, the "β 2 " coefficients have positive sign as expected, with fine significance. In theory, that occurs because the dissimilarity of commerce composition may reveal the comparative advantages and the asymmetry of the shocks may respond to the same export sectors. Only Ramírez (2011) found an inverse relationship for "β 2 " when analyzing Latin America.
Although at less strict levels of acceptance of the null hypothesis, coefficient "β 3 " was found significant for both equations in this research, with inverse relationship as also reported by the other authors except Behrens (2015) ; thus the trade linkages shall favor the common currencies use. The size of the economies, reflected by coefficient "β 4 ", reflects good significant and proportionally direct relation to the dependent variable in all cases.
The modified "β 5 " has a lower level of significance to the model and the positive sign may indicate that bilateral harmonization in the labor market also results in currency synchronization.
At good acceptance level, coefficient "β 6 " reflects an inverse relationship between the bilateral similarity on the inflation of the prices and the tendency to converge in a "single" currency.
Monetary synchronization expressed in terms of the OCA indexes (Table 2) shows that 12.1% of the countries in pairs are ready for monetary union, 80.3% have tendency to converge, and 7.6% are in the way when applying equation (1); and when using modified equation (2) with more variables, the values respectively change to 13.6%, 80.3%, and 6.1%.
Inference of the Differences
The speed of change in the period of analysis is not different for the UNASUR members. However, the differences are evident for all the considered economic indicators as such. Similar results were found by Alvarado (2014a) when evaluating ASEAN. Nevertheless their economic differences, the members of the region tend to have the same rate of variation.
It must be taken into consideration that the chosen level of significance will indeed influence the comparisons. The groups and distribution of the 12 members for the six indicators lead to forming five groups in the case of GDP, GDP per capita, exports to region vs. total and unemployment rate, and four groups in the case of population and inflation rate.
Brazil is definitely different when talking about GDP and population, as Bolivia is referring to the exports to UNASUR and as Venezuela is regarding inflation rate. Apart from that, what the results draw is more like a scale whose interceptions levels are pretty good except for population.
